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Introduction
There is widespread evidence that survivors of critical illness experience multi-dimensional compromise during their recovery (Needham et al., 2012) . This recovery extends for weeks to years, with the recovery trajectory being different for each patient. Pre-existing health problems, psychological status and social circumstances all influence the recovery trajectory and are somewhat unique for each patient. The uniqueness of each patient's situation and the challenges they face means that different interventions may be required to meet individual goals.
Determining goals for each patient requires comprehensive assessment that incorporates the wishes of the patient and their family. Knowing the patient's pre-illness function and status will also inform realistic goals and interventions during recovery. Because critical illness is unexpected, accurately measuring baseline function and status is not possible and needs to be estimated from information provided by the family during the critical illness or the patient during recovery. A comprehensive, systematic approach incorporating all aspects of physical, psychological and social function should be used to elicit information to estimate baseline function. Inclusion of measures that incorporate pre-illness status, for example the Charlson Comorbidity Index (Charlson et al., 1987) and a measure of frailty, should be considered.
Although both comorbidities and frailty overlap with function, additional understanding and detail is contributed by considering each of the concepts independently (Fried et al., 2001) .
No measure of frailty has been validated for use in the critical care population, although a trauma specific index has been developed (Joseph et al., 2014) .
In recent years there has been considerable work undertaken to develop and refine interventions to promote recovery from critical illness. Evaluating the effectiveness of these interventions is dependent on measurement of relevant components of recovery and selecting the most appropriate times to undertake assessment. Measurement of functional outcomes during critical illness, for which there are several review papers available (Hough 2013) , often takes priority but measurement of recovery should not be limited to physical or functional aspects of health. The focus of this paper is examination and optimisation of all aspects of recovery following critical illness.
Integral to patient recovery is the health and well-being of family members. Although many of the physical, functional and cognitive issues do not affect family members, there is growing evidence of the psychological and social issues experienced by both patients and their families (Lemiale et al., 2010 , Buckley et al., 2012 . The impact on family members has not been incorporated into this paper although this is an important aspect of recovery from critical illness for which many of the same outcome measures can be used. It is also important to explore how family involvement can be incorporated into effective strategies for improving the outcomes of patients following critical illness. Early reports of successful strategies involving family members to deliver or contribute to patient recovery focused interventions include both mobilisation (Rukstele and Gagnon 2013) and nutrition (personal communication -Prof Daren K Heyland, Queen's University, Kingston, Ontario, Canada) .
What outcomes should we monitor in survivors of critical illness?
In its simplest form, measurement of outcome has involved monitoring mortality in survivors of critical illness, as well as other uni-dimensional characteristics such as organ failure and readmission to hospital. Expansion of the concept of outcome to include patient centred outcomes such as physical function and quality of life was seen in the 1990s, and more recently has been extended to include psychological, cognitive and social function. Use of strategies to measure and improve these aspects of recovery in survivors of critical illness is now considered an essential component of critical care practice.
Few instruments to measure patient outcomes have been developed or validated specifically for use in the critical care population. Instead we have adopted instruments developed for general use or for use in other patient populations (Table 1) . A detailed review of instruments to measure physical function and quality of life is also available .
Insert Table 1 about here
The benefits of adoption of generic instruments to measure patient outcome are two-fold.
First, the use of generic instruments can reduce the time and cost incurred in developing an instrument. Using a generic instrument that has been used to report data for the non-critically ill patient populations also allows us to compare outcomes across groups of acute and critically ill patients. However, the use of generic instruments is not without disadvantages.
For example, a certain level of cognitive function may be required to understand the questions posed and formulate a response, a process that may be challenging for some patients with impaired cognitive function. Determining cognitive function it essential before using any instrument as cognitive impairment can persist for many months following critical illness (Pandharipande et al., 2013) . Also to be considered are the outcomes of interest. For example, memories of the critical care experience can be unique and generic instruments may be inadequate for their evaluation. Evaluating outcomes following critical illness, particularly when there are multiple outcomes of interest, can become an extensive process which could be potentially burdensome to the recovering critically ill patient. The burden might be more pronounced in the early stages of recovery in hospital than following hospital discharge.
Consequently selection of the outcomes of greatest importance to a patient might be necessary to ensure targeted evaluation of recovery.
In addition to measuring outcome, it is beneficial to also assess the factors that influence outcome so that we can assist the patient with the most appropriate interventions to promote recovery. Although there is limited evidence regarding which potentially modifiable factors are most influential, and in which patients these apply, some aspects to consider include sleep, memories of intensive care, nutrition and infection prevention. Suggested strategies for measuring these factors are outlined below.
Sleep:
There are beginning reports of the important role the quality and quantity of patients' sleep when they go home has on recovery (Orwelius et al., 2008 with patients reporting worse quality of life when they have poor sleep. Reliable and valid instruments to measure sleep in critically ill patients are uncommon, although there are more options available as patients recover and are discharged to the ward and then home. The Richards-Campbell Sleep Questionnaire (RCSQ) (Richards et al., 2000) can be used in the awake critical care and acute care population so that strategies to improve sleep can be commenced early in recovery. Once survivors of critical illness are discharged home the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) , an instrument where sleep quality and patterns are measured on 19 items across a four point scale, is relevant for use.
Good internal consistency has been demonstrated and high sensitivity and specificity has been shown for diagnosing good/poor sleepers (Buysse et al., 1989) . When poor quality and patterns of sleep are identified, strategies to help improve sleep are warranted and research is encouraged to determine which methods are most effective for improving sleep.
Memories of intensive care:
There is growing evidence that unpleasant or delusional memories after ICU are associated with poor outcomes including psychological distress and lower health related quality of life (Kiekkas et al., 2010 , Ringdal et al., 2010 . The Intensive Care Experience Questionnaire has been developed specifically for the purpose of measuring patients' recall of their experience in ICU (Rattray et al., 2004) which may facilitate treatment of those with distressing or unpleasant memories. Alternatively, in the future it may be possible to screen for those who are going to have greatest problems with psychological compromise and target early interventions to those patients. Although at this stage no predictive screening instrument has been developed for use in the ICU population, a similar instrument has been developed for use in the injured population (Richmond et al., 2011) .
Early identification of patients most likely to experience compromise will allow targeting of interventions to prevent or minimise psychological compromise.
Nutritional status:
Nutritional status is an important factor in recovery from critical illness.
Protein and energy depletion that can occur in critical illness has been associated with poorer functional outcomes for patients including muscle weakness (Vivodtzev et al., 2014) , myopathy and polyneuropathy (Hermans et al., 2014) . The prevalence of malnutrition is substantial and although a universally accepted approach to determining malnutrition is lacking, it is estimated that 15-60% of adults might be malnoursished (White et al., 2012) .
Critically ill patients can present with pre-existing malnutrition or develop malnutrition while in hospital. During the episode of critical illness the risk of malnutrition is increased because of significant metabolic changes occurring in critical illness that result in hypermetabolism and hypercatabolism (Btaiche et al., 2010) . As critical illness resolves and patients are extubated and resume oral intake, malnutrition can result because of decreased nutrition intake (Peterson et al., 2010) . The risk of malnutrition is therefore present throughout the critical illness trajectory and can persist during recovery (Herridge et al., 2003) .
Understanding the degree of risk can assist clinicians to assess the consequences of malnutrition and initiate appropriate treatment. There are multiple tools available to assist with nutrition screening and the selection of tools to measure nutrition risk will be influenced by the time point in the patient's recovery trajectory. For example, a nutrition risk assessment specific to critical illness should be used in the intensive care unit (Heyland et al., 2011) while other nutritional risk assessments are better suited to the recovery period (Mueller et al., 2011) . Assessing the degree of malnutrition will also require the use of specific measures, such as the use of the Subjective Global Assessment (Fontes et al., 2014) . Some nutrition screening and assessment tools have been specifically developed for use in the elderly (Young et al., 2013) who represent a growing proportion of critically ill patients worldwide.
Both nutrition screening for risk and assessment for malnutrition are important considerations in a patient's recovery after critical illness, particularly because malnutrition is underrecognised and under-diagnosed in both acute care and community settings (Watterson et al., 2009 ).
Infection prevention:
The prevention of healthcare-associated infections (HAIs) is a priority for health services across the globe. Specific interventions are identified to prevent common infections such as catheter-related urinary tract infection, surgical site infection, clostridium difficile infection, central line associated blood stream infection (CLABSI), and ventilatorassociated pneumonia (VAP) (Yokoe et al., 2014) . Of these infections, CLABSI and VAP are the most costly on a per case basis (Zimlichman et al., 2013) and also most likely to be observed in the critically ill patient population.
There have been significant achievements in reducing HAIs in the intensive care environment and this can be largely attributed to the implementation of evidence-based interventions. For example, the introduction of bundles of care in relation to central line insertion and management (Guerin et al., 2010) has resulted in a reduction in the number of infections associated with intravascular devices in the critically ill (Pronovost et al., 2006) . Similar impact has been observed with the introduction of ventilator bundles which, when implemented, can result in the reduction of VAP (Zilberberg and Shorr 2011) however the compliance with such bundles is noted to be challenging (Pogorzelska et al., 2011) . Effective implementation of prevention strategies (Squires et al., 2014) and monitoring of compliance is necessary to ensure optimal outcomes. Specific interventions aimed at infection prevention in the critically ill are described elsewhere and include broad aspects such as education, accountability, surveillance and hand hygiene as well as site specific considerations .
When should we monitor outcomes?
There is currently a lack of evidence for optimal time points to monitor recovery, with measurement at different time points likely to lead to different judgements about compromise (Lemiale et al., 2010) . Outcome assessment is more important for some patients, particularly those who have experienced long-term critical illness (Fletcher et al., 2003) , although compromise is not limited only to those with long hospital stays. We know that some patients continue to experience compromise in excess of five years after their critical illness (Kaarlola et al., 2003 , Herridge et al., 2011 but many patients consider themselves fully recovered long before this time. While monitoring outcome is important to identify patient problems and facilitate planning and delivery of interventions, it is equally important to determine which patients have recovered and are unlikely to benefit from ongoing monitoring.
The optimal time point may depend on which outcome is being measured. The recovery pathway for survivors of critical illness is not uniform across all elements of outcome, with some elements being more compromised or returning to normal levels more rapidly than others, for example physical function may improve more quickly than psychological function (Hofhuis et al., 2008 , Berkius et al., 2013 .
A comprehensive, systematic and multi-disciplinary approach to assessing outcomes is necessary to support future plans for patient management. The extent to which this currently occurs prior to ICU discharge is unclear, but it is essential for assessment of outcome to begin at this time to provide a baseline for planning and ongoing intervention. Recovery following critical illness extends beyond hospitalisation. In preparation for hospital discharge there is a need to reassess patient outcomes to determine the extent to which the patient has improved (or not) and to communicate this information to those responsible for patient care in the community. Comprehensive physical assessment is frequently undertaken, especially for those patients who are discharged into a subacute or rehabilitation setting. Determining psychological and cognitive compromise, or the need for social support, is more difficult.
Ongoing assessment following hospital discharge can help to identify issues that might, if not addressed, lead to hospital readmission. Follow up of survivors of critical illness after hospital discharge differs within and across health systems. The general practitioner or primary physician is often the primary point of contact. With the breadth of a general practitioner's clinical practice it is likely that a very small percentage of their patients will be survivors of critical illness and consequently the general practitioner is unlikely to be familiar with expected recovery pathways or the physical, psychological cognitive or social challenges that the patient might experience.
ICU follow up services are available in some health services but the extent to which these are available worldwide is variable. The influence such systems have on patient outcome is, however, uncertain (Prinjha et al., 2009 ). Studies of ICU follow-up services frequently describe the sequelae and patient-reported experiences of critical illness but are silent on other important outcomes, such as cognitive function, hospital readmissions and costeffectiveness. Nevertheless, such systems provide a strategy for health care professionals experienced in assessing survivors of critical illness to monitor patients after hospital discharge (De la Cerda 2013).
What does this mean for critical care practice?
Assessment of outcomes during recovery from critical illness is required for there to be a positive and sustained impact on survivors. Successful implementation of this approach to assessment and subsequent care will require a number of strategies including (i) integration of assessment of outcomes into routine practice; (ii) agreement on appropriate measures of outcome to be used; (iii) agreement on when outcome assessment should occur; (iv) education and training for staff to undertake outcome assessment.
Integration of assessment of outcomes is not yet widely implemented into clinical practice.
Such assessment must be integrated into routine practice at various stages such as prior to discharge from each of ICU and the hospital ward, as well as during follow-up through clinics or outpatients. While we believe this approach is fundamental to improving outcomes for survivors of critical illness there is also the need for activities to be undertaken by all members of the interdisciplinary team, for the results of these assessments to be effectively communicated to inform care across the critical illness continuum and to ensure adequate resourcing for both assessment and subsequent care; this is likely to optimise the impact relative to the resources invested.
There has been some agreement within the critical care speciality regarding the presence of compromise and the need for improved strategies to improve care and mitigate long-term health problems (Needham et al., 2012) . There has also been development in some countries or regions of the principles that should underpin these strategies to improve care (Gosselink et al., 2008, National Institute for Health and Clinical Excellence 2009) . Despite this there is not yet international agreement on the most appropriate specific methods and time points to measure patient compromise and intervene effectively.
Additional education and training across a number of disciplines and across clinical contexts
including ICU, the hospital, rehabilitation and the community is required. Importantly, the way in which patient management can influence patient recovery into the future needs to be recognised and clinicians should be encouraged to think about recovery beyond discharge from their clinical area.
The nature of the specific outcomes assessment may mean that some disciplines are likely to be better positioned to undertake the assessment and determine optimal interventions than others. However, an interdisciplinary approach to outcome assessment, intervention selection and delivery is necessary to ensure optimal uptake and implementation. Such an approach will benefit from clearly defined roles and responsibilities to maximise use of resources and avoid duplication or omission of effective interventions. A critical aspect of the interdisciplinary approach is the communication of the plan as patients transition through the hospital system and into the community as this will ensure continuity and is likely to achieve the best outcomes.
What does this mean for critical care research?
In regard to many aspects of outcome after critical illness we have a thorough understanding of the extent of the problems that survivors experience. We have identified some of the factors that relate to improving recovery (Rubenfeld 2007) , but large scale multi-centre studies with high levels of follow-up are required to effectively identify the factors to which interventions should be targeted if patient outcomes are to be improved. There is also a strong imperative for researchers to move forward from observational work towards the conduct of randomised controlled trials which are the most appropriate study design to determine the effectiveness of interventions to improve all aspects of patient outcome.
An important aspect of evaluating the effectiveness of interventions is determining the optimal time for interventions to be introduced during and following recovery from critical illness. Some interventions need to commence as soon as the patient becomes critically ill, for example strategies for minimising sedation and improving sleep within the ICU. There is evidence that sedation minimisation improves clinical outcomes for critically ill patients (Barr et al., 2013) , however we do not yet have evidence of which strategies effectively achieve this aim. Strategies that had early initial support in single settings such as protocol directed sedation (Brook et al., 1999) and daily sedation interruption (Kress et al., 2000) have been shown to not be effective in other settings and may cause harm (Elliott et al., 2006 , Bucknall et al., 2008 , Mehta et al., 2012 .
Further effective interventions are also required to assist recovery in the later stages of the patient's ICU stay and during hospitalisation after ICU discharge. Potential targets of these interventions include mobilisation and strength, ensuring nutritional adequacy, and optimisation of memory and psychological status. Again, we have limited high quality evidence of effective strategies, although early reports of techniques to improve mobilisation appear promising (Bailey et al., 2007 , Burtin et al., 2009 , Schweickert et al., 2009 , Berney et al., 2012 . In addition, studies to develop and test early psychological interventions are beginning (Peris et al., 2011) , although sample sizes and methodological rigour is not yet adequate to determine benefit.
It is then vital that we identify how best to assist patients after they leave hospital. Tailoring interventions to individual patient need will be required to ensure optimal use and targeting of resources to those most likely to benefit from the intervention. There is conflicting evidence regarding the benefit of strategies such as a rehabilitation programme or ICU follow-up service for survivors of critical illness, with studies in both Australia and the UK finding no benefit (Cuthbertson et al., 2009 , while one UK study testing the effect of a self-help rehabilitation manual identified improvement in recovery (Jones et al., 2003) .
Similarly, much discussion and early investigation has focused on the provision of diaries after intensive care, although at this stage the body of work has significant limitations precluding implementation as routine clinical practice (Aitken et al., 2013) .
Although usually not measured on an individual basis, assessment of cost-effectiveness should be integrated into research endeavours. Given the significant expense of critical care to the individual, the health care system and society, it is vital that we assess the cost effectiveness of our interventions and how to achieve maximum benefit for the patient and their family with minimal cost to all.
Conclusion
Survivors of critical illness experience multi-dimensional compromise during their recovery.
Ongoing measurement of outcomes is essential to optimise the delivery of interventions to those who most need support. Outcome assessment should commence in the ICU and continue throughout the ward stay and into the community as a routine component of clinical practice. There is agreement that physical, psychological, cognitive and social function and quality of life are important, although there is a lack of agreement as to the precise instruments that should be used to assess these domains, or the time points when assessment should occur. Identification of compromise is the first step in a process that must include delivery of interventions to overcome compromise. Research to identify effective interventions to prevent or minimise compromise and improve recovery are urgently required. The primary measurement is walk distance over 6 minutes (without physical assistance). Reflects functional capacity in respiratory or cardiac disease. Timed Up and Go (TUG) (Podsiadlo and Richardson 1991) Not applicable.
Functional ability (measured in seconds) for an individual to stand from sitting in a chair, walk 3m at regular pace and return to sit in the chair; ≤10 seconds=normal; ≤20 seconds = good mobility for frail/elderly; 21-30 seconds = requires supervision/walk aid. Shuttle walk test (SWT) (Singh et al., 1992) Not applicable.
Shuttle walk test requires individuals to walk up and down a 10-metre distance at increasing speeds until too breathless to continue. Participants keep pace with audio sounds and prompts to complete shuttle turn; 12 levels of speed (0.5-2.37m/second).
Activities of Daily Living
Barthel Index of Activities of Daily Living (ADL) (Mahoney and Barthek 1965) 10 items; item response levels (2-4)
Measures performance in ADL such as feeding, bathing, going up and down stairs, dressing, continence of bowels and bladder. Score range from 0 -20: total dependence = 0-4; severe = 5-12; moderate = 13-18; slight = 19; independent = 20. Functional Independence Measure (FIM) (Hall et al., 1993) 18 items; 7 point scale Assesses physical and cognitive disability; frequently used in inpatient rehabilitation settings.
Measures 18 activities of daily living in two themes: motor (13 items), cognitive (5 items). Scores range 18-126, with higher scores indicating more independence.
Psychological Function
Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith 1983) 
items; 4 point scale
Measures current anxiety and depressive symptoms (mood disorders) in non-psychiatric patients; focuses on psychological rather than physical symptoms of anxiety and depression. Combined score ≥ 11 indicates a clinical disorder. Impact of Events Scale -Revised (IES -R) (Weiss 2004) 22 items (7 items added to 15item IES); 5 point scale Assesses levels of post-traumatic distress; three subscales: intrusive thoughts, avoidance behaviours; hyper-arousal. Higher scores indicate greater distress. Post-Traumatic Stress Disorder Checklist (PCL) -Civilian (Weathers et al., 2013) 17 items; 5 point scale Assessment of PTSD symptoms corresponding to DSM-IV criteria; higher scores indicating more symptoms of post-traumatic stress. Kessler -10 Psychological Distress (K10) (Kessler et al., 2002) 10 items; 5 point scale Global measure of psychological distress based on questions about anxiety and depressive symptoms. Higher scores indicated greater distress.
Cognitive Function
The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) (Randolph 1998) Five domains RBANS measures the neuropsychological status of adults cognitive functioning and profile impairment across 5 domains: immediate memory, visuospatial/constructional, language, attention, and delayed memory. Raw scores for each of the subtests are used to determine standard scores in the 5 domains. Trail making test Originally part of the Army Individual Test Battery (1944) (Bowie and Harvey 2006) Two part test: an individual draws lines to connect numbers and letters in sequence.
Neuropsychological assessment of factors such as information processing, visual attention, letter and number recognition and sequencing and task switching. Score represents the amount of time required to complete both; higher scores reveal greater impairment. Mini-mental state examination (MMSE) (Folstein et al., 1975) 
30-item screening test
Screens for cognitive impairment and estimation of severity of cognitive impairment in: time and place, repeating lists of words, arithmetic, language and comprehension, basic motor skills. Maximum score is 30 points with scores of 27 or above indicating normal cognition.
Quality of Life
Medical Outcomes Study Short Form (SF-36v2) (Ware et al., 2000) 36 items; item response levels (2-5)
Measures health status across eight domains: Physical Functioning, Role Functioning, Bodily Pain, General Health, Vitality, Social Functioning, Role Emotion and Mental Health and two component summary scores (Physical Component Score, PCS, and Mental Component Score, MCS). Presented as norm-based T-scores (standardised scores with a population mean of 50 and a standard deviation of 10). Higher scores indicated better health status. EuroQol (EQ) 5D (Brooks 1996) 6 items; 5 dimensions (3 response levels), VAS (0-100) Measure of self-reported health outcomes. Two parts: Five dimensions (mobility, self-care, usual activity, pain/discomfort, and anxiety/depression) and visual analogue scale (VAS) to measure health status, ranging from worst imaginable health state (0) to best imaginable health state (100). Data used to estimate utility measures (cost-utility index).
Social Function
Multidimensional Scale of Perceived Social Support (MSPSS) (Zimet et al., 1988) 12 items; 7 point scale Measures perceived support from family, friends & significant others, or a global perceived support. High scores indicate high levels of perceived support.
